The aim of this article is to identify patterns in spatial distribution of cases of dengue fever that occurred in the municipality of Cruzeiro, State of São Paulo, in 2006. This is an ecological and exploratory study using the tools of spatial analysis in the preparation of thematic maps with data from Sinan-Net. An analysis was made by area, taking as unit the IBGE census, the analysis included four months in 2006 which show the occurrence of the disease in the city. The thematic maps were constructed by TerraView 3. 
INTRODUCTION
The National Department of Health warns: "Dengue is everyone's problem. Combating it is our social obligation, and everyone should do it every day. Embrace this commitment and do your part".
In the 1980s, new cases of dengue were reported in Brazil 16 , and in the São Paulo State, dengue was included in the list of diseases of compulsory notification in 1986 5 . In 2000, the infestation of Ae. aegypti was detected in the Paraiba Valley, SP, where dengue cases began to be recorded in 2002 in the municipality of Potim, SP 20 , and where, also, overlap Ae. Albopictus was observed. The same occurred in São Sebastião, in the Paraíba Valley, north coast of São Paulo; this area was affected by a dengue epidemic that began in 2002. The number of cases in the city reached 972 autochthonous contamination 18 .
The introduction of DEN-1 serotype in São Paulo State occurred in 1987; the DEN-2 and DEN-3 serotypes occurred in 1997 and 2003 respectively; more recently serotype DEN-4 17 has been diagnosed. Fifty thousand and twenty-two cases were confirmed in 2006 in the São Paulo State (incidence close to 125 cases/100,000 inhabitants) 19 and all the cases confirmed in Paraíba Valley were the cases occurred in Cruzeiro.
According to SOUZA-SANTOS & CARVALHO, georeferencing and spatial analysis techniques have been increasingly used to evaluate the distribution of vectors and the diseases they transmit, contributing to the improvement of surveillance and vector controlling actions. Thus, the use of these tools enables the identification of risk areas that require intensification and/or prioritization of control measures 21 .
Its greatest advantage lies in treating the city as a place composed of various realities, deserving distinct approaches, contrary to what has been seen, in which the proposed action may differ according to the municipalities, but are always uniform everywhere 21 .
The use of spatial analysis techniques in a study performed in a city of the central region of São Paulo enabled the visualization of areas of clusters of containers with larvae, indicating that this method can be used to improve entomological surveillance activities 2 . In Niteroi, RJ, a similar strategy was used to identify geographic areas with the highest number of cases 8 .
The aim of this study is to identify patterns in the spatial and temporal distribution of dengue cases in the city of Cruzeiro in March, April, May and June of 2006 using geoprocessing tools.
METHODS
We outlined an epidemiological study of the ecological and exploratory type. Dengue cases were confirmed by laboratory or There are 80,000 inhabitants in Cruzeiro and the proportion between genders 9 is roughly even. Cruzeiro is situated at the eastern end of São Paulo, in the Paraíba Valley, latitude 22° 33' South and longitude 44º 60' West, at an altitude of 514 meters and covers an area of 331 km², of which 36 km² are of urban area 7 . The most relevant economical activities are the industry sector, services and commerce; industry is the sector that employs the most (48.8%), especially the metallurgical industries 7 .
Ninety seven percent of households in Cruzeiro have running water, 94% of households are connected to the sewage system and 97% of the households have regular garbage collection. The local human development index was 0.81 for the year 2000.
Its territorial divisions are: to the north with the municipalities of Passa Quatro and Marmelópolis, Minas Gerais State; to the south with the municipality of Silveiras; to the East with the municipality of Lavrinhas and to the West with the municipalities of Piquete and Cachoeira Paulista, São Paulo State (Fig. 1) . The weather is tropical (hot and humid), with temperatures ranging between 20 and 27 Celsius degrees. The hottest months are between November and April and the coldest, between May and October. The rains are more frequent from December to March, with January being the rainiest month. The driest period lasts from June to September. The municipality was built on the margins of the Paraíba do Sul River, which, cuts the city in half, and into which the sanitary sewage is dumped with no treatment.
The cases were investigated in Cruzeiro, according to the date of appearance of first symptoms, determining address and occurrence in the city map according to the 96 urban census tracts existing in 2000, supplied by IBGE, in order to determine the location and date of the start of the epidemic.
From a cartographic database in digital format, obtained from IBGE, georeferenced in the Cartesian system, containing designs of the city's census tracts, we inserted the confirmed cases of dengue fever which occurred in the municipality and mapped the incidence of dengue in 2006.
To identify the presence of spatial autocorrelation we used indicators of global Moran (I M ) 3 which analyze if there are clusters of sectors with higher rates next to clusters of low rates. The I M varies between -1 and +1 and to it can be assigned a level of significance (p-value). The closer to 1 (one), the most similarity between neighbors. The value 0 (zero) indicates no correlation, and negative values indicate dissimilarity 14 . We used the public domain program TerraView (available at: http:// www.inpe.gov.br).
The expression of Moran's coefficient is:
In this equation we have n corresponding to the number of areas (sectors), w (i,j) is equal to the relevance of the neighborhood, X (i) represents the square root of the average incidence rate for municipality i in the studied periods and X refers to the mean of X (i) for the entire studied region. 
263
Among the procedures for estimating density of events, the kernel estimator is the most widely used of them and plays an important role in the epidemiological context to identify the concentration of cases and identify the hot spots 4 . The kernel estimator is an exploratory interpolation technique that generates a surface density for visual identification of hot spots, and is best used in the analysis by points, but also used in the analysis by area, when it assigns the center of the study area, the location of all events. The kernel estimator produces a continuous density surface calculated in all locations, the researcher does not need to define where to arbitrarily "cut" a "hot area" 12 .
Thematic maps were created in this study with the kernel estimator, with dengue cases referring to the months of March, April, May and June of 2006.
RESULTS
Seven hundred and two cases of dengue fever were reported and confirmed in 2006. Six hundred ninety-one cases (98.4%) were georeferenced (with a rate of 864.2 cases/100,000 inhabitants).
Thematic maps with the distribution of cases (Fig. 2) , by the months of 2006, show that the first cases occurred in March, in the North, Northeast and central region, on the banks of Paraíba do Sul River and its tributary, Barrinha stream, also following the path of the railroad that crosses the central region of the city and the road linking the city of Cruzeiro to Lavrinhas. In April, there is the emergence of cases in almost all the census tracts and moving to the south, southeast, central region and northeast. In May, 76 (79%) census tracts had at least one case of dengue, with the largest number of cases in the central, south, southeast and east regions, following the course of the Paraíba do Sul River and Barrinha stream. In June, only two sectors showed three cases, located in the central and south regions.
Moran Indicators and obtained p-values are in Table 1 ; we can see positive spatial autocorrelation in all the months, but with statistical significance in the months of April and May. The number of cases per month is in Table 1 , and the increase in occurrences can be seen in the months of April and May (p < 0.05).
The kernel estimator showed the highest densities of cases in the 264 month of March in central and north regions; in the months of April and May, the highest densities occurred in central and south regions; and in June, the highest densities occurred in central and west (Fig. 3) .
DISCUSSION
This is the first study carried out in a municipality of the Paraíba Valley, using the techniques of geoprocessing to study the spatial-temporal distribution of the dengue epidemic, making it possible to identify a pattern of the epidemic. The infestation of Aedes aegypti in the Paraiba Valley began in the city of Potim, around the year 2000. Since 1996, the municipalities already had the plans for the Eradication of Aedes aegypti (PEAa) instituted by the Ministry of Health, performing controlling actions of mosquito infestations, disease prevention, which included the monitoring of traps and strategic places, home visits, and collection of scrap materials. Throughout the process of implementation of this program the mosquito eradication technique was not feasible in the short to medium term. It was necessary to intensify actions to better address the problem and reduce the impact of dengue in Brazil. This plan was abandoned and in 2002 the Plano Nacional de Controle da Dengue-PNCD came into effect.
The epidemic started in the central region, spread to almost all regions of the urban area, following the margins of the Paraíba do Sul river, railroads and roads which cross the municipality and are responsible for the vast movement of people, products and vehicles.
From June there was a decrease in new cases, possibly due to the decrease in the number of susceptible individuals in the region. The municipality intensified vector controlling activities during this period which possibly led to a decrease in the number of breeding. In June, the registered temperatures were milder and humidity is the lowest. This fact strongly suggests that the adverse weather conditions for the proliferation of the vector play an important role in ending the transmission of the disease in the city 2 . 
265
Just one type of virus circulated in the city (the DEN-3 serotype), which was confirmed by viral isolation performed during the occurrence of the epidemic and, therefore, people became immune after exposure to the virus.
Three factors must be considered in the decrease of the number of cases of an epidemic: the decrease of susceptible individuals; vector controlling interventions and unfavorable natural conditions, such as the reduction of temperature and humidity, reducing the vector population.
The occurrence of dengue was also identified in areas of high concentration of people, great economic diversity, high population density, high residential density. These findings were similar to those found in Niteroi 8 .
The accelerated growth of the urban population provides a great source of infected and susceptible individuals, concentrated in restricted areas. This fact, associated with poor sanitation conditions, housing and specific cultural factors of large urban centers, provides ecological conditions favor to the transmission of dengue virus 11 .
The Moran Indicators obtained during March, April and May showed positive values, indicative of positive spatial autocorrelation. The values tend to be similar to neighboring sectors, indicating that the occurrence of dengue cases in the city is connected, there being a strong relationship between the sectors, and is even stronger among the sectors, closest neighbors. The index showed significant positive spatial correlation for the months of April and May 2006.
The kernel estimator presented a hot spot in the central area in March, while in the following months the highest concentration of cases spread to other non-central areas of the city, probably due to decrease of the number of susceptible individuals in these sectors, and also due to late diagnosis and the natural development of the disease. The central area should be prioritized in the planning of actions in order to control Aedes aegypti breeding sites and disease prevention.
The measures of combating dengue have been based only in the chemical vector control at the expense of important factors that modulate the dynamics of disease transmission, especially those related to social determinants, such as spatial occupation and living conditions. Thus, for each introduction of a new serotype a new epidemic occurs 8 . Therefore, it is understandable that cities with larger proportion of urban population can present higher incidence of dengue, because urban growth provides an increase in the number of infected and susceptible individuals concentrated in restricted areas, as shown in a study conducted in São José do Rio Preto 6 .
It is important that the spatial relationship between dengue transmission and other variables is checked, as the degree of immunity of population, effectiveness of controlling measures, the degree of infestation by the vector, the habits and attitudes of the population, among others. Note that studies with approaches of spatial locations and use of SIG, although recent in the health area, gradually become indispensable for the analysis of the determination of diseases 8 .
Some limitations of this ecological study can be attributed to working with secondary data developed for the interest of surveillance and not for research, hindering the recovery of some lost information 2 . In a study conducted in São José do Rio Preto, out of 14,431 autochthonous cases of dengue occurred in the urban area between September 1994 and August 2002, 433 cases (3%) were not goaded due to lack of or inadequate address of the address with the cartographic basis 15 .
During the epidemical periods there were changes in staff, as well as in the coordination of activities, causing disruption of routine actions.
Therefore, analysis considering patient's address as the site of exposure to the risk factors assume an immobility of individuals and ignore any possibility of exposure in other places, such as working or leisure environment. But we cannot say where these people contracted the disease, because it may have been in their own homes, but also may have been at work, in transit or elsewhere in the city.
As ALMEIDA et al. note 1 , despite the guidelines of the epidemiological surveillance of dengue in investigating the probable sites of infection considering residence, work and in transit in the investigation form standardized by the National Department of Health, only data concerning the residence address are structured to allow the precise location of a case.
As possible sources of error we can consider the clinicalepidemiological character of the criteria for completion of the cases in the municipality with fewer than 100,000 inhabitants, after exceeding the limit of 300 confirmed cases the confirmation of the same is made by clinical and epidemiological criterion rather than through a blood test. This condition is used by the Secretary of Health of the State of São Paulo to stop serological tests (Center for Epidemiological Surveillance: unpublished data), the possible underreporting of people who are affected by the milder form of the disease and who may not seek a health unit, and therefore are not reported; other limitations are indeterminate diagnoses and addresses that were not found. Difficulties found in the georeferencing of the reported cases of disease, due to address problems also occurred in other studies 1, 15 and prevented the location of cases in census tracts.
Although there are the limitations outlined above, this study indicates that a disease like dengue, with vector transmission, whose mosquito usually has a small displacement during its life cycle, the punctual location of the cases or the aggregation of information in small areas such as the census tracts, can be quite enlightening 
